Background: In Egypt, like other developing countries, goats are prime resources of meat. So, selection of goats for superior growth rate is advantageous. Growth hormone (GH) is the main regulator of animal growth, and encoded by GH gene that exhibits active gene variants improving growth. The objective of this study was to identify GH gene variants in three goat breeds (Barki, Damascus, and Zaraibi), via polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) and gene sequencing analyses. Results: Three loci on GH gene named GH1, GH2, and GH6 polymorphisms were analyzed. GH1-HaeIII/RFLP showed only two genotypes (AB and BB) in all breeds, with absent AA genotype. Both Barki and Zaraibi exhibited the highest GC genotype frequency (0.95). GH2-HaeIII/RFLP produced only two homozygous genotypes AA in Damascus and BB in both Barki and Zaraibi, with the absence of AB genotype in the three breeds. However, digestion of GH6 by HaeIII was monomorphic; it exhibited different single-nucleotide polymorphisms (SNPs), detected by DNA sequencing, among the studied goat breeds. Conclusions: The revealed SNPs could be employed as useful markers, helping goat breeders in selection of goats for high growth performance. Further analyses with larger sample size are needed for investigating the relationship between the different genotypes and growth traits.
Background
Goat is one of the main meat-producing animals in Egypt, and has a considerable contribution to the resource poor section of society for their livelihood (Abdelaziz et al. 1995) . There are more than three million heads of goats in Egypt, raised primarily in three regions: the Upper Egypt, Nile Delta, and in the desert rangelands (FAOSTAT 2011) . There are about 1.7 million goats, mostly in mixed flocks with sheep, buffalo, and cattle (Galal et al. 2005) . In Egypt, there are five indigenous goat breeds: Baladi (the common breed in Nile Delta), Barki or Sahrawi (the predominant breed in desert), Sinaoy (also called Bedouin goat, found mainly in Sinai peninsula), Saidi (distributed widely in Upper Egypt), and Zaraibi (also known as Egyptian Nubian, the common breed in Nile Valley and Delta) (Galal et al. 2005 ). Apart of the five goat breeds recognized in Egypt, Anglonubian breed, which is produced through crossing Egyptian Nubian breed with some British breeds (Latif et al. 1987) . Genetic improvement schemes of goats in Egypt have also involved different crossbreeding trials with foreign breeds like Damascus goat, which is originated from Syria (Galal 2005) .
Growth is an intricate biological process that comprises the regulated coordination of a wide diversity of neuro-endocrine pathways, including a coordinated action of several hormones (like growth, thyroxine, insulin, and prolactin hormones) secreted by the key endocrine glands and controlled by the action of their corresponding genes (Ge et al. 2003; Rasouli et al. 2016; An et al. 2015; Othman et al. 2014; Silveira et al. 2008; Zhang et al. 2013) . It is well established that animals with high levels of these hormones exhibit enhanced growth performance (Jia et al. 2014; Sodhi et al. 2007; Sharma et al. 2013; Amie Marini et al. 2010; Ayuk and Sheppard 2006) . So, selection of breeding animals based on their performance helps to explore superior individuals for growth traits. This superiority could be a result of receiving active gene variant(s) from their ancestors. The study of the structure and function of genes at the molecular level in a breeding population can help to determine the similarity of the genetic material carried by populations and the genetic variation they possess. Several techniques have been evolved to estimate the genetic variance or polymorphism within and among populations (Okumus and Mercan 2007) . One of the most commonly used techniques is polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). It is a powerful method for detecting nucleotide sequence variance in the amplified deoxyribonucleic acid (DNA).
Growth hormone (GH) plays a vital role in different biological processes, such as growth, metabolism, lactation, and reproduction of farm animal species (Malveiro et al. 2001; Ola et al. 2008; Boutinaud et al. 2003; Seevagan et al. 2015; Katoh et al. 2008; Reinecke et al. 1993) . GH is released from the anterior lobe of pituitary gland, where its main effects are associated with the stimulation of growth of bones and skeletal muscles, through the action of insulin-like growth factor (IGF-1) , as well as its great role in milk production (Akers 2006) . Consequently, it has been observed that high-yielding animals reveal greater GH levels in comparison to low-yielding ones (Akers 2006) . The Caprine GH gene has been mapped on the short arm of goat chromosome 19 (Capra hircus 19q22) (Supakorn 2009 ). It is encoded by 2.5 kbp. Caprine GH gene consists of five exons and four intervening introns (Accession: D00476) (Missohou et al. 2006) . The aim of the present study was to screen the genetic polymorphism of goat GH gene in three common goat breeds in Egypt (Barki, Damascus, and Zaraibi) employing two genetic tools; PCR-RFLP and DNA sequencing.
Methods

Sample collection and DNA extraction
Blood samples were taken from the jugular vein of 20 healthy animals that represent each 1 of the 3 goat breeds under study; Barki, Damascus, and Zaraibi. All the 60 animals, including males and females, involved in the present study were born and reared in the Agricultural Experiment Station, Faculty of Agriculture, Cairo University. Blood samples were collected in 10 ml tubes containing 2.7% EDTA as an anticoagulant and kept at 4°C till use. Genomic DNA was extracted and purified from whole blood collected samples by salting out procedure illustrated by Miller et al. (1988) . The concentration of genomic DNA isolated was measured using Ultraviolet (U.V.) spectrophotometer at wavelength of 260 nm.
Polymerase chain reaction
Three pairs of primers were used for amplifying GH1, GH2, and GH6 loci of goat GH gene using primers suggested by Amie Marini et al. (2012) (Table 1) .
Amplification reaction was carried out in an 25 μl volume containing 100 ng genomic DNA, forward and reverse primer (both at concentration 10 pmol/μl), 1 U Taq polymerase, 2.5 μl Taq polymerase buffer, four dNTPs (each at final concentration of 2.5 mM/μl), and de-ionized double-distilled H 2 O up to a total volume of 25 μl. The PCR program included 94°C for 10 min, 35 cycles of 95°C for 30 s, 62°C for 30 s, 72°C for 45 s, and a final extension at 72°C for 7 min. The amplicons were analyzed by 1.5% agarose gel electrophoresis. The gels were stained with ethidium bromide and visualized by U.V. transilluminator.
Restriction fragment length polymorphism
Restriction fragment length polymorphism (RFLP) was carried out in 15 μl of reaction mixture of each sample containing 5 μl of PCR product, 9.5 μl of 10 X buffer, and 0.5 μl of fast restriction enzyme (MBI Fermentas, Germany) specific for each gene ( Table 1 ). The reaction mixture was incubated at 37°C for 10 min. The digested products were initially separated by electrophoresis in 2.5% agarose gel, followed by 12% polyacrylamide gel. Thereafter, the gels were stained with ethidium bromide. The bands were visualized by U.V. transilluminator. The gels were photographed using digital gel documentation system (ChemiDoc™ XRS+ System with Image Lab™ Software from Bio-Rad, USA).
Gene sequence analysis
PCR products of the tested GH6 locus were purified and sequenced by Macrogen Incorporation (Seoul, Korea). Sequence analysis and alignment were performed using NCBI/BLAST/blastn suite to identify the single-nucleotide polymorphisms (SNPs) among different patterns and alleles.
Statistical analysis
Genotype and allele frequencies for each locus were calculated using POPGENE Software for Population Genetic Analysis (PopGene version 3.2) (Yeh et al. 1999) . A chi-square test (χ 2 test) was performed on the basis of Hardy-Weinberg law to measure the genetic equilibrium at the population level. Sequence analysis and alignment of sequence products were carried out using NCBI/ BLAST/blastn and BioEdit software in comparison with GenBank Accession numbers to identify single nucleotide substitutions between different detected genotypes.
Results
Three loci on GH gene named GH1, GH2, and GH6 polymorphisms were analyzed. GH1-flanked a422bp (Fig. 1a) . Digestion of this fragment with the restriction enzyme HaeIII resulted in two different alleles, A (uncut 422 bp fragment) and B (366 bp and 56 bp fragments). Only two genotypes, the homozygous BB (366 bp and 56 bp) and the heterozygous AB (422 bp with 366 bp or 56 bp), were found, with absence of the homozygous genotype AA (Fig. 1b) . As shown in Table 2 , the genotype AB had the highest frequency in all breeds. Also, the estimates of observed heterozygosity were considerably higher than that of expected heterozygosity for all breeds. Chi-square (χ 2 ) value showed significant deviation from Hardy-Weinberg Equilibrium [HWE] (P < 0.05) in both Barki and Damascus goats (Table 2) .
Concerning GH2 gene, PCR produced a DNA fragment of 116 bp (Fig. 1c) . Digestion of this fragment with HaeIII gave two alleles, A (uncut 116 bp fragment) and B (88 and 28 bp fragments) as shown in Fig. 1d , with a higher frequency of B allele (Table 3) . Only two homozygous genotypes, AA (116 bp) and BB (88 and 28 bp), were found, with absence of AB genotype (116, 88, and 28 bp). All Damascus individuals analyzed showed only the genotype AA. On the other hand, the animals belonging to both Barki and Zaraibi breeds had only the genotype BB (Table 3) .
In regard to GH6 gene, the PCR amplification of the gene presented a DNA fragment of 405 bp (Fig. 1e) . HaeIII digestion produced only one allele (B), with the absence of allele A. Only one genotype BB (108, 78, 70, 48, 44, 40, and 17 bp) was shown in all breeds studied (Fig. 1f ) . No polymorphism among the three breeds was detected, indicating the homozygosity of GH6 gene in the goat breeds under study.
DNA nucleotide sequencing of the amplified PCR product of GH6 gene was analyzed in the goat breeds under study (Figs. 2 and 3 ). As shown in Fig. 3 , the sequences of our goats GH6 were aligned with reference sequences for Capra hircus: KU976149, GU355686, KX032517, GU355688, KU935713, KU288612. The sequence alignment of Barki GH6 gene amplicon (ACCN: KU935713.1, Capra hircus) with published sequence showed 98% identities with two gaps between positions 366 and 369, and six SNPs; (A/G) transition at position 57, (C/G) transversion at position 66, (C/T) transition at position 128, (T/G) transversion at position 282, (A/C) transversion at position 372, and (T/C) transition at position 402. Also, the sequence alignment of Fig. 1 Electrophoretic pattern of PCR-amplified fragment from three loci on GH gene named GH1, GH2, GH6 and their digestions. a Agarose gel electrophoresis of GH1-PCR fragment (422 bp). Lanes M (25 bp DNA ladder); 1, 2 3, 4, 5, 6 (Barki); 7, 8, 9, 11 (Damascus); and 12, 13, 14, 15, 16, 17(Zaraibi) . b Agarose gel electrophoresis of GH1-HaeIII/RFLP fragments. Lane M, 25 bp DNA ladder; lanes (1, 3, 4, 5, 7, 8, 9, 11, 12, 14, 15, 16, 17) genotype AB (422, 366, and 56 bp); and lanes (2, 6) genotype BB (366 and 56 bp). c Agarose gel electrophoresis of GH2-PCR fragment (116 bp). Lane M, 25 bp DNA ladder. Lanes (1, 2, 3, 4, 5) Barki; (6, 7, 8. 9, 10) Damascus; and lanes (11, 12, 13, 14, 15) Damascus GH6 gene amplicon(ACCN: KU288612.1) with published sequence (Fig. 3) showed 98% identities with one SNP; (T/C) transition at position 402, and eight gaps; three gaps between positions 363 and 367, two gaps between positions 369 and 372, and three ones between positions 382 and 386. Finally, the sequence alignment of Zaraibi GH6 gene amplicon (ACCN: KU935713.1) with published sequence ( Fig. 3 ) showed 99% identities with one SNP; (T/C) transition at position 402, and two gaps between positions 382 and 385.
Discussion
The findings of GH1 gene are in consonance with those reported by Singh et al. (2015) who showed that both of Sirohi and Barbari goat breeds were polymorphic at the GH1 locus treated with HaeIII. Likewise, Othman et al. (2015) detected a SNP (G → A) at position 55 of GH1 locus (422 bp) in the Egyptian Baladi, Barki, and Zaraibi goat breeds using HaeIII/PCR-RFLP and gene sequencing. Moreover, these results are in agreement with those obtained in Savanna and Kalahari goats by Amie Marini et al. (2012) . Furthermore, Hua et al. (2009) studied the polymorphism of GH1 locus in Boer goat bucks, via gene sequencing and PCR-RFLP procedures, and its correlation with growth traits. They stated that the AA genotype (366 and 56 bp) resulted in a significant decrease in birth chest girth (P = 0.03) and weaning weight (P = 0.014), compared to AB genotype (422, 366 and 56 bp). Also, no homozygous BB (uncut 422 bp) individuals were identified. The same genetic polymorphism of GH1 was recorded later in Matou and Boer Chinese goat breeds with a significant (P < 0.05) larger litter size for AB genotype (422, 366, and 56 bp) than for AA genotype (366 and 56 bp) (Zhang et al. 2011 ).
Conversely to the results of GH2 locus, Amie Marini et al. (2012) studied the genetic polymorphism of GH2 locus in Savanna and Kalahari goats via PCR-RFLP method. The authors found that both breeds were homozygous for CC genotype (88 and 28 bp), and that GH2 gene was monomorphic. Also, Zhang et al. (2011) studiedGH2 gene polymorphism in Matou and Boer Chinese goat breeds by using the same method. They reported that the frequency of CC genotype (88 and 28 bp) was significantly (P < 0.05) higher than that of CD genotype (116, 88, and 28 bp). Also, litter size for CC genotype was significantly (P < 0.05) larger than that for CD genotype. Furthermore, Hua et al. (2009) analyzed the GH2 locus polymorphism in Boer goat bucks, by gene sequencing and PCR-RFLP, and its correlation with some growth traits. They obtained two genotypes CC (88 and 28 bp) and CD (116, 88, and 28 bp). The CC genotype was associated with heavier weaning weight than CD genotype.
Reversely to the outputs of GH6 locus, Amie Marini et al. (2012) illustrated the genetic polymorphism of GH6 locus in Savanna and Kalahari goats via PCR-RFLP. They found that both breeds were homozygous for genotype (JJ) (110, 80, 70, 50, 40, and 23 bp) , and GH6 gene was characterized as monomorphic. The inconsistency in band sizes between genotype (JJ) and genotype (BB) (108, 78, 70, 48, 44, 40, and 17 bp) in the current study may be due to breed difference (i.e., the fact that the different breeds/ populations maintained under the different sets of environmental conditions are subject to different evolutionary forces to varying degree), and may also be the consequence of sampling of breeds understudy. Moreover, the authors detected a substitution of TCC to TCT at position 1148 located in exon three at GH6. This substitution did not change amino acid coding. This detection was done by gene sequencing only in Savanna goats, but not in Kalahari goats due to a limited sample size.
Conclusion
In this study, PCR-RFLP technique proved to be a convenient tool for screening gene polymorphism. GH1 and GH2 loci were found to be polymorphic, when digested with HaeIII restriction enzyme, among the studied goat breeds; Barki, Damascus, and Zaraibi. These polymorphisms can be employed as effective markers for genetic discrimination between goat breeds. Although GH6 locus was monomorphic among the studied breeds when digested with HaeIII, it exhibited different SNPs using DNA sequencing.
In the end, this study is considered to be a step advancing for further studies that may add to give additional information about the genetic polymorphism of meat and growth characters of Egyptian goat breeds and the improvement of these economically important traits. 
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